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RÉSUMÉ.— Prévision de l’impact des espèces invasives : un examen de l’approche par comparaison des 
réponses fonctionnelles.— Dans l’objectif d’optimiser les stratégies de gestion des espèces invasives, la science 
des invasions fait face au besoin d’anticiper et de hiérarchiser les invasions futures à l’aide d’approches efficaces, 
économiques et généralisables à de nombreux groupes taxinomiques. Récemment, pour prédire l’impact des 
prédateurs invasifs, il a été proposé de comparer la relation entre la ressource consommée et sa disponibilité, c’est-
à-dire la réponse fonctionnelle, entre des envahisseurs potentiels et leurs analogues trophiques dans l’écosystème 
receveur (approche par comparaison des réponses fonctionnelles, ou approche CRF ci-après). Après une brève 
description du cadre de travail de l’approche CRF, nous dressons le bilan des comparaisons déjà disponibles dans 
la littérature. Ensuite, nous examinons comment la présence de congénères du prédateur peut altérer les 
prédictions de l’approche CRF. En effet, dans les expériences menées dans le cadre de l’approche CRF, les 
réponses fonctionnelles ont été déterminées en faisant varier la densité en proies mais avec un unique individu 
prédateur alors que dans la nature, les prédateurs sont rarement isolés et sont donc susceptibles d’interagir entre 
eux pendant leur activité d’approvisionnement. Ces interactions peuvent altérer l’efficacité de chaque individu, 
générant ainsi une prédateur-dépendance dans la réponse fonctionnelle. Cette interférence mutuelle peut affecter 
différemment le prédateur invasif et son analogue natif et par conséquent moduler la différence entre leurs 
réponses fonctionnelles. La prise en compte de l’interférence devrait améliorer l’extrapolation des résultats de 
l’approche CFR aux populations naturelles. 
SUMMARY.— In the aim of optimizing management strategies, invasion science faces the need to prioritize 
future invasions with reliable, cost-effective and generalizable approaches. To predict the ecological impact of 
invasive species, it has recently been proposed to compare the relationship between resource consumption and 
resource availability, namely the functional response, between potential invaders and their trophic analogs in the 
recipient ecosystem. After a brief description of the framework of the comparative functional response approach 
(CFR approach hereafter), we review the functional response comparisons already available in the literature. We 
then investigate how the presence of conspecifics of the predators may alter predictions of the CFR approach. 
Indeed, the functional response experiments carried under the CFR approach typically involve a range of prey 
densities but a single predator individual whereas predators rarely forage alone in nature. Mutual interference 
between predators can generate predator dependence in the FR through the alteration of per capita consumption 
rates. Mutual interference is therefore likely to modulate the difference in functional response between an invasive 
predator and its native counterpart, and accounting for mutual interference should promote extrapolation of results 
to natural populations. 
__________________________________________ 
THE NEED FOR PREDICTIVE TOOLS IN INVASION SCIENCE 
Although the transfer of species between regions is a natural phenomenon, species are being 
displaced faster and farther than at any other time in Earth’s history under human influence 
(Ricciardi, 2007). As a result, the frequency of invasions has increased exponentially in Europe 
(Hulme et al., 2009) and it is estimated that 11 % of the 12 000 European alien species are 
invasive (Caffrey et al., 2014). An invasive species can be defined as a species that has been 
introduced at a site out of its natural range with intentional or accidental human assistance, spreads 
beyond the introduction point and causes changes to the recipient ecosystem (Davis & Thompson, 
2000; Richardson, 2011). 
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Compared to “invasion biology” or “invasion ecology”, “invasion science” stresses the 
importance of engaging with many disciplines other than biology and ecology in understanding 
and managing invasions (Richardson et al., 2011; Richardson & Ricciardi, 2013). Many examples 
of invasions, especially over plant species, show that by the time impacts are noted, irreversible 
changes might have occurred or palliative measures might be too costly or impossible (Simberloff 
et al., 2013; Rejmánek & Pitcairn, 2002). As a result, the optimal management strategy evolves 
with time since species introduction, with management efficiency decreasing and management 
costs increasing (Simberloff et al., 2013; see Harris & Timmins, 2009 for an example). 
Consistent with these findings, prevention is the priority response, as stated in the guiding 
principles on invasive species adopted by the Convention on Biological Diversity (2002). 
Prevention can consist of reducing human-mediated species translocations. Regarding aquatic 
invaders, mid-ocean ballast-water exchange or ships heading to freshwater ports can reduce 
freshwater zooplankton concentration in ships tanks by 99 % (Gray et al., 2007). When prevention 
fails, or when pathways cannot be constricted, early detection is needed. It can be achieved by the 
molecular methods based on environmental DNA (eDNA), recently used to detect American 
bullfrog in France (Dejean et al., 2012) and Asian carp in the Great Lakes (Jerde et al., 2013). 
Risk assessment is critical to policy makers and practitioners in conservation to take decisions 
and plan suitable management strategies. With respect to risk assessment, invasion science 
addresses two main questions, (i) indentifying likely future invaders, (ii) predicting the ecological 
and economic impacts in recipient communities. Predicting impacts has proven to be difficult and 
remains a scientific lock in invasion science: current research often does not provide quantitative 
information and we do not know to what extent environmental conditions (biotic and abiotic 
factors, xenobiotics) can reinforce or mitigate impacts. As a result, management decisions are 
often taken based on insufficient evidence. Developing effective and rapid risk assessment 
methods to prioritize future invasion events is one of the 20 top key issues on European invasive 
species that emerged from the Freshwater Invasives - Networking for Strategy conference held in 
Ireland in April 2013 (Caffrey et al., 2014). 
Until recently, the only general predictive approach consisted in using invasion history (what 
occurred in invaded areas) as an indicator of the likely future impacts of invasive species 
(Ricciardi, 2003). However, this approach is limited to known invaders whose effects are already 
well documented (Ward & Ricciardi, 2007; Kulhanek et al., 2011) and does not allow testing how 
local environmental conditions may modulate these effects. Species traits comparisons between 
invasive and native species lead sometimes to a successful identification of the broad determinants 
of invasiveness in terms of establishment and spread. However, the predictive power of such 
approach remains particularly low and unequal among taxa (quite successful among plants: Pysek 
et al., 2009, but less among animals: Hayes & Barry, 2008) when it comes to predict ecological 
impacts (Ricciardi, 2013). Overall, invasion science needs cost effective and generalizable 
methods that can reliably explain the ecological impacts of existing invaders and predict those of 
emerging or likely future invaders under different and changing environmental conditions. 
THE COMPARATIVE FUNCTIONAL RESPONSE APPROACH 
Invasive species seem to be characteristically more able to rapidly and efficiently use 
resources than native species (Funk & Vitousek, 2007; Morrison & Hay, 2011), leading resource 
populations such as prey to experience severe declines or extinctions (Clavero & García-Berthou, 
2005; Salo et al., 2007). Indeed, difference in resource use between invasive and native species is 
a major tenet of 28 of the 29 invasion hypotheses identified by Catford et al. (2009). On this base, 
Dick and collaborators presented the framework of the comparative functional response (CFR) 
approach in the volume 16 of “Biological Invasions” published in April 2014 (Dick et al., 2014). It 
consists in comparing the functional response of existing or likely future invaders to that of the 
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trophically analogous natives they might replace to understand or predict the ecological impacts of 
invasion.  
The functional response (FR) is the relationship between resource use and resource 
availability (Solomon, 1949; Holling, 1959a). The per capita consumption rate of a predator 
increases with prey density and the relationship can be linear up to a threshold from which the 
predator saturates (type I), decelerating with an asymptote at higher prey densities (type II), or S-
shaped where the consumption rate first accelerates at low prey densities and then decelerates 
towards satiation (type III, Holling, 1959a). Different impacts on prey populations are expected 
depending on the form of the FR. In type I FRs, which is the least common case, prey escape 
regulation once predators saturate. With type II FRs, most if not all prey at low densities are eaten, 
which may lead to prey elimination. Conversely, type III FRs offer low-density refugia for prey 
and are therefore less destabilizing (Oaten & Murdoch, 1975; Juliano, 2001).  
Under the CFR approach, if invasive predators display a higher FR (i.e. rising more steeply 
and/or reaching a higher asymptote) or a more destabilizing FR (i.e. type II instead of type III FR) 
than their trophic analogs in the recipient communities, then strong ecological impacts on local 
prey populations are expected (Fig. 1). The CFR approach offers a rapid, reliable, inexpensive and 
generalizable laboratory-based method to address the following challenging issues: (i) explaining 
the ecological impacts of existing invaders, (ii) predicting the ecological impacts of likely future 
invaders, (iii) investigating how environmental variables can mediate invaders’ impacts, and (iv) 
testing major hypotheses in invasion ecology (Dick et al., 2014). 
 
 
 
 
Figure 1.— Two situations where the comparative functional response approach predicts a greater ecological impact after 
invasion. (a) Both the invasive (filled curve) and the native (dashed curve) display a Type II FR but that of the invasive is 
higher in magnitude. (b) The native displays a less “population - destabilising” FR (Type III FR) than the invasive (Type II 
FR), potentially leading to resource extinction at low prey densities (modified from Dick et al., 2014). 
INVASIVE PREDATORS DISPLAY HIGHER FUNCTIONAL RESPONSES THAN NATIVES 
The framework of the CFR approach can be used for many purposes. For instance, Barrios-
0’Neill et al., (2014a) used the CFR approach to illustrate how habitat complexity mediates the 
interaction between the invasive prey Chelicorophium curvispinum and two resident gammarid 
predators. The FR comparison can also involve two invasive predators (Griffen & Delaney, 2007), 
or two populations of the same invader, one from the donor region and the other from the invaded 
area (see Bollache et al., 2008). However, comparing the FR of invasive predators and their native 
counterparts when feeding on the same prey items from the recipient ecosystem is the main issue 
addressed by the CFR approach, and the one we focus on in the present paper. We reviewed in 
Table I the available literature on this particular topic and found 12 published papers, 5 of them 
predating the publication of Dick et al. (2014) who pioneered the CFR approach. If we look at the 
main results, overall, invasive predators always show higher FRs than their native trophic analogs, 
wich brings support to the general hypothesis that invaders are characteristically more able to 
rapidly and efficiently exploit resources than native species. However, the biological models used 
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so far are very undiversified: all of them are aquatic species with 6 fish and 12 crustacean species 
(7 amphipods, 2 crayfish and 3 mysid shrimps). Further data encompasing other taxonomic groups 
are needed to known more on the difference in resource use between invasive and native 
predators. 
 
TABLE 1 
Review of the investigations in which the functional response of invasive predators has been compared to that of their 
native counterparts. The works are in chronological order based on their online publication for the most recent years 
 
 
What also emerges when looking at the recent literature is the tendency to investigate context 
dependencies, such as the effect of parasitism, higher predation, or abiotic constraints (e.g. 
conductivity, oxygen concentration), on the FR (Tab. I). This allows detecting the trait-mediated 
effects that only manifest in conjunction with other processes. For instance, Paterson et al. (2014) 
found that infection of the native amphipod Gammarus duebeni celticus with the microsporidian 
parasite Pleistophora mulleri decreases its predation on ephemeropteran prey only under predation 
risk by a higher fish predator. Barrios-O’Neill et al. (2014c) conducted in situ FR trials to show 
that the ecological impact of the invasive Mysid shrimp Hemimysis anomala, revealed by a higher 
FR compared to the native species Mysis salemaai, was stronger during the night and especially in 
shallow surface waters. 
Paradoxically, if the authors account for context dependencies to bridge the gap between 
artificially simplistic predation tests and the complexity of ecosystems, and hence promote 
extrapolation of lab results to natural populations, most of them still ignore the fact that a predator 
rarely forages alone in nature. Indeed, except in the study by Barrios-0’Neill et al. (2014b) where 
the predator was used either single or in group of three, the authors have conducted FR trials with 
118 
 
a range of prey densities but a single predator individual (Tab. I). This is likely to decrease the 
reliability of the results. 
ACCOUNTING FOR THE CONSPECIFICS OF THE PREDATOR TO REFINE RESULTS OF 
THE CFR APPROACH 
The use of “univariate” experimental designs where only prey density varies means assuming 
that per capita consumption rate depends on prey density only. This is ignoring the advances in 
predation theory dealing with predator dependence.  
THE FUNCTIONAL RESPONSE CAN BE PREY-, PREDATOR- OR RATIO- DEPENDENT 
Following Holling’s Type I, II and III FRs, the per capita consumption rate of a predator is 
assumed to be a function of prey density only (prey dependence). Although much of predation 
theory has been constructed using prey-dependent models, alternatives have been proposed to 
account for the fact that under natural conditions, a single predator shares its food with 
conspecifics, which reduces each individual’s intake rate (Arditi & Ginzburg, 2012). In predator-
dependent FR models, predator density acts as a supplementary variable, in addition to prey 
density, to determine per capita consumption rates (Arditi & Ginzburg, 1989). Many mathematical 
expressions have been proposed to account for the effect of predator density on consumption rate 
(see Hassel & Varley, 1969; Beddington, 1975; DeAngelis et al., 1975 for the most popular ones). 
In each of them, an additional parameter quantifies the strength of the mutual interference that 
may occur between conspecifics (for instance the parameter “m” in the models derived from 
Hassell & Varley (1969), see below). Predator-dependent FR models through their additional 
parameters allow for a more detailed description of predation but are less parsimonious than prey-
dependent FR models. Ratio-dependent FR models may constitute a good alternative as they 
account for predator-dependence without increasing the number of parameters. In such models, the 
consumption rate is neither a function of prey density only, nor a function of both prey and 
predator densities, but a function of per capita prey density, namely the prey to predator ratio 
(Arditi & Ginzburg, 1989). Actually ratio dependence is a special case of predator dependence that 
illustrates perfect prey sharing. Combining the Holling type II FR (Holling, 1959b) and the 
definition of mutual interference proposed by Hassel & Varley (1969), the parameter m provides a 
way to quantify the position of a specific predator - prey pair of species along a spectrum with 
prey dependence at one end, when m=0, and ratio dependence at the other hand, when m=1 (Arditi 
& Ginzburg 2012), as follow: 
 
 
Where N and P are prey and predator densities, a a measure of predator’s searching 
efficiency, h is prey handling time and m a measure of mutual interference between predators. 
Predator dependence is always found when the design allows to detect it (see a full review by 
Arditi & Ginzburg, 2012). It has been detected in aquatic invertebrates (e.g. Katz, 1985; Hansson 
et al., 2001; Kratina et al., 2009; Médoc et al., 2013), terrestrial invertebrates (e.g. Arditi & 
Ginzburg, 1989; Reeve, 1997; Mills & Lacan, 2004; Spataro et al., 2012) or large mammals (Jost 
et al., 2005). If in general the estimates of m were significantly different from 0, very few of them 
significantly differed from 1 (see Arditi & Akçakaya, 1990), suggesting that ratio dependence 
(m=1) may be the common case occurring in nature. Insofar as its modelling does not imply more 
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parameters than prey dependence modelling (unlike predator dependence), ratio dependence can 
be viewed as the “null model of predation” (Arditi & Ginzburg, 2012). 
Interestingly, the dynamic properties of these models have been investigated and it has been 
shown that mutual interference has a favourable effect on stability and resilience, except in the 
special case of overcompensation (m > 1) where the contrary is expected (Arditi et al., 2004). 
Accounting for mutual interference can improve our description of predation. For instance, 
Médoc et al. (2013) showed that a ratio-dependent FR model (Fig. 2a) better describes predation 
by the freshwater amphipod Echinogammarus berilloni feeding on dipteran larvae than the prey-
dependent FR model used conventionally (Fig. 2b). Although much has been done on exotic and 
invasive amphipods, the presence of predator dependence in the FR had never been tested before. 
A reliable description of predation through the choice of a suitable FR model seems obvious when 
it comes to predict the ecological impacts of invaders based on FR comparisons. 
 
 
 
Figure 2.— The ratio-dependent functional response (FR) model (a) better describes predation by Echinogammarus 
berilloni than the prey-dependent FR model (b) commonly used to describe amphipod predation. 
(modified from Médoc et al., 2013). 
HOW MUTUAL INTERFERENCE CAN ALTER FUNCTIONAL RESPONSE COMPARISONS AND OUR 
PREDICTIONS OF INVADERS’ ECOLOGICAL IMPACTS 
Basically, predator density can positively or negatively influence per capita consumption 
rates, depending on the behaviour and the spatial distribution of both predators and prey. For 
instance, when prey exhibit antipredator behaviours, predator density may have a positive effect 
on the baseline encounter rate (i.e. the predator’s searching efficiency). This is because an 
antipredator movement with respect to a particular predator can be effective in low predator 
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density but can make the prey closer to another predator in high predator density (Okuyama, 
2009). Because the present paper deals with FR comparisons between invasive and native 
predators, we will focus on the behaviour of predators hereafter. 
Predator density may have a positive effect on per capita consumption rate when predators 
show cooperative foraging or benefit from shared information about food. We did not find 
examples of such positive effects in the context of the CFR approach, probably because few FR 
investigations have been conducted on species displaying cooperation. Furthermore, even in the 
predators known for hunting in groups, per capita consumption rate can decrease with their 
density. This is the case with wolves preying upon moose in the Isle Royal National Park, which is 
the longest-running predator-prey study on earth (see the references cited by Vucetich et al., 
2002). The FR of wolves is strongly predator dependent, with wolves capturing fewer moose as 
their density increases, even at the pack scale (Vucetich et al., 2002; Jost et al., 2005). The 
underlying biological reasons are, among others, social structure within packs, competition within 
and between packs, and territoriality. 
Usually, when predator dependence is detected in the FR, it takes the form of a negative 
effect of predator density on per capita consumption rate (see Arditi & Ginzburg, 2012 for a full 
review). This is because the time spent interfering with conspecifics is not allocated to foraging. 
The strength of mutual interference depends on the nature of the interaction, which can be 
restricted to conspecific recognition or include agonistic behaviours and even kleptoparasitism, 
illustrating some degrees of interference competition. Fundamentally, one may expect that 
predator density has a positive (Allee effect) or a negative effect on per capita consumption rate at 
low predator densities, and then a negative effect (interference competition) as the number of 
predators increases. To our knowledge, there is no FR model available to detect such a shift in the 
way predator density alters per capita consumption rate.  
 
 
 
Figure 3.— Illustration of how accounting for mutual interference may refine results of the comparative functional 
response approach. (a) With a single predator individual (P=1), the invasive species (filled curve) has a higher functional 
response than the native (dashed curve). With multiple predator individuals (P>>1), this difference may (b) increase if the 
invader shows cooperation, (c) decrease if it shows agonistic effects, or (d) even be reversed if the negative effect of mutual 
interference is stronger in the invasive than in the native predator. 
 
When it comes to perform FR comparisons between invasive and native predators, the 
presence of conspecifics is likely to change the results if the two species differ either in the 
strength of mutual interference, or in the way predator density alters per capita consumption rates 
(i.e. positively or negatively). For instance, consider a FR comparison where, when alone, the 
invasive predator displays a higher FR than the native, suggesting greater ecological impacts in 
case of invasion (Fig. 3a). Now imagine the presence of conspecifics of the predators and predator 
dependence in the FRs. We will consider both the positive and negative influences of predator 
density on per capita predation rate even if the negative effects are more likely. If the invasive 
predator shows cooperative foraging compared to the native, then accounting for the presence of 
conspecifics could increase the difference in FR in favour of the invader (Fig. 3b). Conversely, a 
negative effect of mutual interference on the per capita consumption rate of the invader could 
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reduce the between-species difference in FR (Fig. 3c). In an extreme case, the difference in FR 
could even be reversed if the negative effect of mutual interference is stronger in the invasive than 
in the native predator, or if the presence of conspecifics facilitates foraging more in the native than 
in the invasive predator (Fig. 3d).  
As an example, we recently compared the FR of the invasive “killer shrimp” 
Dikerogammarus villosus to that of the native Gammarus pulex using a bivariate experimental 
design (i.e. with simultaneously varying predator and prey densities) to detect predator 
dependence (Médoc et al., unpublished data). Both predators displayed a type II ratio-dependent 
FR, illustrating the negative effect of predator density on per capita consumption rates. More 
interestingly, the native G. pulex had a FR with a higher asymptote than the invasive D. villosus 
whereas Bollache et al. (2008) and Dodd et al. (2014) found the opposite result with a univariate 
design (i.e. only the prey density varied). This illustrates the shift from scenario a to scenario d in 
Figure 3. In our experiments, promiscuity was higher in D. villosus than in G. pulex, which might 
have promoted conspecific interactions and reduced each individual’s intake rate, therefore 
explaining the difference in FR.  
In terms of impact prediction, the higher the predator density, the greater the ecological 
impact, and ignoring mutual interference may lead to either underestimation of the impact if the 
invader shows cooperation, or overestimation of the impact if it displays interference competition 
(Fig. 4).  
 
 
 
Figure 4.—Illustration of how accounting for mutual interference may refine predictions of invaders’ ecological impacts. 
The solid line represents the relationship between predator density and ecological impact in case mutual interference 
between predators is ignored. Whatever the strength of interference, the higher the density, the greater the impact. If the 
predators show cooperation, then the relationship between density and impact is strengthened (dashed line in the dark grey 
area), and ignoring mutual interference leads to an underestimation of the ecological impact (down arrow). Conversely, if 
the predators show interference competition, then the relationship between density and impact is weakened (dashed line in 
the light grey area), and ignoring mutual interference leads to an overestimation of the ecological impact (up arrow).  
HOW TO DETECT AND MEASURE MUTUAL INTERFERENCE 
Reliable methods for detecting and measuring interference require observations for at least 
two predator densities but also for several prey densities. Arditi & Akçakaya (1990) showed that 
estimating interference from observations done at a single prey density leads systematically to an 
underestimation. However, this is not limiting in the context of the CFR approach since the 
characterization of the FRs, an indispensable prerequisite to their comparison, implies to consider 
a large range of prey densities.  
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Two slightly different approaches can be employed to detect interference from FR curves. 
The first one consists in the comparison of the prey consumption by a group of predators (actual 
group-level FR) to that predicted from additive estimates derived from the consumption of a single 
predator (predicted group-level FR). The predicted group-level FR is obtained by multiplying 
individual consumption by the size of the group (see for instance Barios-O’Neill et al., 2014b). 
Compared to the predicted group-level FR, a lower actual group-level FR suggests mutual 
interference between predators whereas a higher actual group-level FR suggests cooperation (Fig. 
5). This comparative approach allows for the detection of mutual interference by considering only 
two predator densities, but it does not really provide a quantitative measure of its strength. 
 
 
 
Figure 5.— How to detect mutual interference between predators from the comparison between individual-level and group-
level functional responses (FRs). The individual-level FR (solid curve in scenario a) is the relationship between prey 
density and the number of prey consumed by a single predator individual. The group-level FR (solid curve in scenarios b, c 
and d) is the relationship between prey density and the number of prey consumed by several predator individuals (here 
P = 3). The group-level FR can be measured directly (actual group-level FR) or predicted from the individual-level FR by 
multiplying the consumption of a single predator by the number of predators (predicted group-level FR, dashed line). (b) 
Similar predicted and actual group-level FRs suggest the absence of mutual interference or no effect of mutual interference 
on per capita consumption rate. Compared to the predicted group-level FR, (c) a higher actual group-level FR suggests 
cooperation between predators whereas (d) a lower actual group-level FR suggests interference competition. 
 
The second approach involves the fit of predator-dependent FR models to data. The inclusion 
of predator dependence in FR models goes through an additional parameter that controls its 
strength (Hassell & Varley, 1969; Beddington, 1975, DeAngelis et al., 1975). The fit of a 
predator-dependent FR model provides an estimate of this parameter, which can be compared to 
zero: a value significantly different from zero indicates predator dependence, and the greater the 
absolute value, the stronger the predator dependence. Nevertheless, the estimation of the standard 
deviation of the parameter value, and consequently the comparison of the estimate to zero, is not 
straightforward because the conditions for the application of GLM theory are generally not 
fulfilled. A solution consists in the use of numerical simulations to reconstruct the distribution of 
the estimate, implying either non-parametric bootstrap (see Spataro et al., 2012 and Médoc et al., 
2013 for examples) or Bayesian inference by MCMC (see Smout et al., 2010 for an example of 
MCMC applied to FR). Model selection tools can also be used to test the significance of the 
interference parameter. The quality of the fit of the predator-dependent model may be compared to 
that of the equivalent prey-dependent model by using information criteria (such as the Akaike’s 
information criterion or the Deviance Information Criterion in the Bayesian context) or, insofar the 
two models are embedded, by performing a likelihood ratio test (Burnham & Anderson, 1998). If 
the predator-dependent model fits significantly better, then interference (or cooperation) plays a 
non-negligible role on the FR. 
From a more practical perspective, fitting predator-dependent FR models to data requires a 
real bivariate experimental design, namely the measurement of the number of attacked prey for 
various prey densities but also for a full range of predator densities chosen to encompass natural 
densities and mimic real situations. Even when natural densities seem moderate, aggregation 
patterns can lead to locally high densities. The effect of spatial distribution is a challenging 
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question that is beyond the scope of this article. Varying both prey and predator densities 
substantially increases the experimental effort. Data analysis procedures are still under discussion 
and need to be optimized, in particular concerning the significance tests. However, using bivariate 
designs constitutes an obligatory step to account for all the determinants of the FR, and then to 
draw meaningful conclusions in the context of the CFR approach. 
CONCLUDING REMARKS 
Given the pressing need to prioritize likely future invasions with cost-effective, reliable and 
generalizable methods, the CFR approach appears promising. Nevertheless, detecting mutual 
interference and testing for the effect of predator density on per capita consumption rate should be 
made routine when deriving FR to compare species. It has the potential to promote the 
extrapolation of experimental results to field populations, hence refining results of the CFR 
approach. In particular, the negative effect of predator density on per capita consumption rate, for 
instance because of agonistic behaviours, may reduce or even reverse the invasive - native 
difference in FR. It is even more likely that aggressiveness is supposed to be one of the biotic 
attributes of successful invaders (Dick, 1995, 2008; Covich et al., 1999). In other words, the 
negative effect of predator density on per capita consumption rate may be stronger in invaders 
than in native predators. Finally, investigating whether the species that are likely to replace each 
other differ in the strength of interference as well as detecting shifts in the type of dependence are 
other challenging issues that can be addressed by the CFR approach. For instance, Griffen & 
Delaney (2007) reported a decrease in predator-dependence when the invasive crab Hemigraspus 
sanguineus replaced the previously established invasive crab Carcinus maenas on the northeast 
coast of North America. This is because within-specie aggressions are much stronger in the latter. 
Such a shift from predator to prey dependence can destabilises predator-prey dynamics (Arditi et 
al., 2004). 
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